The relative abundances of small centric diatoms have increased in many Arctic lakes over the past century, with these changes commonly attributed to warming. However, the specific mechanisms by which diatom community structure is changing in response to warming remain unclear. We investigated the responses of two common centric diatoms to nutrient enrichment and incubation depth, the latter used to manipulate light availability which is a key factor that changes with altered mixing depths in lakes. We conducted 2 Â 2 factorial experiments, manipulating nutrients (none added or N þ P addition) and incubation depth (shallow or deep), and measured changes in growth rates and cell densities of Discostella stelligera and Puncticulata radiosa. A second set of experiments was conducted on D. stelligera in a growth chamber to separate temperature and light effects associated with incubation depth. Puncticulata radiosa was always more abundant in the shallow depth incubations, regardless of nutrient conditions. In contrast, D. stelligera responded most strongly to nutrient additions, and cell densities of this species were affected by interactions between nutrients and incubation depth or light. Our research suggests that processes that alter light availability (such as water clarity and water column stability) and nutrient concentrations are likely to play a major role in controlling the growth of small centric diatoms in Arctic lakes.
I N T RO D U C T I O N
Over the past 150 years, widespread changes in planktonic diatom community structure have occurred across Arctic lakes. In particular, the relative abundances of centric diatom taxa, particularly species in the Cyclotella genus (many now moved into the Puncticulata and Discostella genera), have increased in many Arctic lakes over this time, including those in east Greenland, Finnish Lapland, the high and central Arctic of Canada and Svalbard (Cremer et al., 2001; Sorvari et al., 2002; Rühland et al., 2003; Jones and Birks, 2004; Smol et al., 2005; Wolfe et al., 2006) . Increases in these small centric taxa are often inferred as signals of warming-induced changes in the physical features of lakes, such as length of ice-free season (Rühland et al., 2008) , or changes in water column stability (i.e. strength of stratification) or mixing depth (Winder et al., 2009; Saros et al., 2012) .
However, the links between warming-induced changes in Arctic lakes and the specific factors to which small centrics are responding remain unclear, and are important to resolve because recently observed increases in the abundances of small centric diatoms are not a universal characteristic of Arctic lakes, and raises key questions about the mechanisms involved (e.g. direct versus indirect effects of climate, enhanced atmospheric nitrogen deposition). Paleolimnological records from southwest Greenland reveal that, over the last century, the relative abundances of these small centric taxa have increased in some lakes and decreased in others (Perren et al., 2009 (Perren et al., , 2012 , with the same species sometimes exhibiting opposite responses in lakes situated less than 3 km apart (Liversidge, 2012) . Looking further back in time, the relative abundances of these small centric taxa increased in both east and west Greenland during periods of notable cooling, such as 3400 years ago during the Neoglacial (Cremer et al., 2001; Perren et al., 2009) .
Lakes situated at high latitudes are particularly sensitive to climate change, owing to their short ice-free seasons and location in regions with higher rates of warming relative to the global average (Smol et al., 2005; Prowse et al., 2006) . In addition to the direct effects of temperature change, there are numerous indirect effects of climate variability on lakes (Leavitt et al., 2009) . Climate-induced changes in various catchment characteristics can alter nutrient loading to Arctic aquatic ecosystems, via effects on permafrost (Kawahigashi et al., 2004; Jones et al., 2005; Frey et al., 2007; Walvoord and Striegl, 2007) and dust deposition (Willemse et al., 2003) . Nutrient loading via such pathways to ultra oligotrophic waters may be acting synergistically with temperaturedriven changes to elicit species shifts. A synergistic effect of nutrients and lake mixing depth was found for Discostella stelligera (Cleve & Grunow) Houk & Klee in dilute alpine lakes, where this species was abundant in lakes with shallower mixing depths only if nitrate concentrations were measurable . Furthermore, under experimental conditions, this species showed a greater increase in abundance in shallow (versus deep) incubations only when nutrients were added. Synergistic interactions between water column stability and nutrients on Cyclotella populations are also evident in mesocosm experiments in temperate lakes (Jäger et al., 2008) .
A better understanding of the ecology of various Cyclotella sensu lato taxa in Arctic lakes would assist with interpreting the drivers of diatom community change in this region. The primary taxa changing in relative abundances across Arctic lakes are D. stelligera, Puncticulata radiosa (Grunow) H. Hakansson, Cyclotella glomerata Bachmann and the Cyclotella comensis-rossii-ocellata complex (Sorvari et al., 2002; Smol et al., 2005; Perren et al., 2009; Liversidge, 2012) . Much of our current understanding of the ecology of these taxa is based on observations from temperate (e.g. Haworth and Hurley, 1984) and alpine/ sub-alpine lakes (Carney et al., 1988; Winder et al., 2009; Saros et al., 2012) , which have different light and nutrient conditions from those found in Arctic lakes. This suggests the possibility for the formation of ecotypes that may have different resource requirements across regions (Guillard and Kilham, 1977; Lewis et al., 1997) . For example, the growth rates of C. glomerata were highest in high light conditions in a large, sub-alpine lake (Carney et al., 1988) , whereas it bloomed under low light conditions in a lake in the Canadian Arctic (Kalff et al., 1975) .
To investigate which factors control the growth of small centrics in Arctic lakes, we assessed the responses of two common centric diatoms to changes in nutrient and light availability in low Arctic lakes in southwest Greenland. Puncticulata radiosa (measuring 10 -15 mm in diameter in our study lakes) and D. stelligera (typically 5-10 mm in diameter) were selected for this study because of their widespread distribution across this area as well as many other parts of the Arctic, and because their relative abundances have changed in recent centuries across many of these lakes (Perren et al., 2009 ). We measured changes in growth rates and cell densities of these species when nutrients [nitrogen (N) and phosphorus (P)] and light availability were manipulated in a set of in situ bottle experiments. Light availability was manipulated by incubating bottles at different depths. Since previous research in alpine lakes revealed an interactive effect of nutrients and incubation depth on D. stelligera and incubation depth includes variation in both light and temperature, we undertook a second set of experiments under controlled conditions in a growth chamber to parse the effects of temperature and light (in combination with the same nutrient treatments) on growth rates and cell densities of this species.
M E T H O D Site description and selection
The Kangerlussuaq area between 66. 5-67.2 o N and 50-53.3 o W forms part of the widest ice-free margin of southwest Greenland (Fig. 1) . The area contains about 20 000 lakes, most of which are chemically dilute and oligotrophic (Anderson et al., 2001) . The climate at Kangerlussuaq is continental, low arctic with a mean summer temperature (June-August) of 10.28C and precipitation of 150 mm year 21 . It is much drier and windier at the ice sheet margin, with mean summer temperature of about 88C and annual precipitation ,150 mm year
21
. The geology of the area is uniform and consists of granodioritic gneisses (Jensen et al., 2002) . Catchment vegetation is characterized as dwarf shrub tundra, with Betula nana, Salix glauca, Empetrum spp. and Vaccinium spp. common among several species of grass, moss and lichen. Close to the ice sheet margin, Ledum palustre heath and Carex stupina steppe are more abundant. South facing slopes experience water stress and vegetation cover is much reduced or absent (Anderson et al., 2001 . The area is characterized by continuous permafrost (Nielsen, 2010) .
Lakewater and phytoplankton assemblages for the experiments were collected from lakes SS2 and SS903 (Fig. 1) . These lakes were selected because prior research indicated that SS2 has populations of P. radiosa (Ryves et al., 2002) and SS903 has D. stelligera (N.J. Anderson, unpublished data). The study lakes are both small (36-38 ha), glacially scoured basins which remain frozen from mid-September to mid-June. Both lakes stratify during the summer, although differences in local climate and lake depth affect the depth at which stratification occurs ( Table I ). The biological structure of the study lakes is very simple, with no fish present in either lake. JOURNAL OF PLANKTON RESEARCH j VOLUME 36 j NUMBER 2 j PAGES 450-460 j 2014
Experiments
The effects of nutrient enrichment and incubation depth on the cell densities and growth rates of P. radiosa (from Lake SS2) and D. stelligera (from Lake SS903) were determined in a 2 Â 2 factorial experiment conducted in situ. For each lake, whole lakewater was collected with a van Dorn bottle from 3 and 7 m and mixed, to ensure capture of the key species. This water was pre-screened through 100-mm Nitex mesh to remove zooplankton. Sub-samples of this water were collected and preserved with Lugol's iodine solution to determine initial cell densities (see counting method, which is at end of this section) for both species. Nitrate and soluble reactive phosphorus concentrations of this initial lake water were determined using the cadmium reduction and ascorbic acid methods (APHA, 2000) , respectively, on a Lachat QuikChem 8500 flow injection analyzer. Limits of quantification were 0.07 mM N and 0.03 mM P. Ammonium was measured using the fluorometric method (Taylor et al., 2007) on a Turner Designs Trilogy fluorometer, with a limit of quantification of 0.14 mM. Nutrient treatments consisted of either no added nutrients (control) or N þ P enrichment (8 mM N þ 1 mM P). These concentrations were selected because they are relatively high while not being toxic, and they were identical to those used in other experiments with D. stelligera . Nitrogen was added in the form of NaNO 3 ; P was added in the form of NaH 2 PO 4 . Control and nutrient-enriched samples were transferred to 75-mL non-treated tissue culture flasks, which were incubated in source lakes by clipping them to an anchored rope (with a buoy at the lake surface) at fixed depths. One set of flasks (three control and three enriched with nutrients) was incubated at a depth of 2 m (in the epilimnion) and another set at the Secchi depth, measured at the start of the experiment and assumed to be the depth at which 10% of photosynthetically active radiation (PAR) remained. This was 7 m in SS2 and 8 m in SS903. PAR was also measured at the end of the experiment with a LI-COR LI-192SA Underwater Quantum Sensor light meter. Vertical temperature profiles were measured with an YSI 6600VS Sonde at the start and end of the experiment. Experiments ran between 19 and 27 June 2011 (8 full days) in Lake SS2, and between 20 and 30 June 2011 (10 full days) in Lake SS903. We selected an 8-day incubation period again to remain consistent with previous studies , but extended the experiments in SS903 to 10 days because of the low temperature in that lake. During these dates, lakes are exposed to 24-h daylight.
As both light and temperature vary with depth through the water column, we undertook a second set of experiments with water collected from SS903 to add a temperature manipulation for D. stelligera. Using water from SS903 collected at the same time as described above, we again established nutrient treatments (as described above) before incubating samples in a Sanyo MLR-351 growth chamber set at 158C (a temperature typical of summer epilimnetic conditions in this area; Brodersen and Anderson, 2000) and continuous light, with an intensity of 40 mEinsteins m 22 s
21
. One set of flasks (two control and two enriched with nutrients) were incubated at full light intensity, while the flasks in the other set were individually wrapped with two layers of a neutral density filter (window-screen mesh). Analysis on a Camspec M107 spectrophotometer revealed that two layers of this filter allowed only 10% of PAR through into the flasks, similar to the deep incubation manipulation of the in situ experiments. Because of space limitations in the chamber, only two replicates of each treatment were created for this experiment. The growth chamber experiments ran for the same length of time as the SS903 incubation (10 days). Combining the in situ and growth chamber treatments of SS903 water, this created a 3 Â 2 factorial experiment, in which temperature (low (in situ) or moderate (in growth chamber)), light (low or high) and nutrients (none or N þ P) were manipulated.
At the end of each experiment, the contents of all flasks were preserved with Lugol's iodine. After settling 30-mL sub-samples in Utermöhl-style chambers, cells were counted on a Nikon TS-100 inverted microscope with Â600 magnification. A minimum of 500 D. stelligera were counted in each sample; for P. radiosa, which is larger than D. stelligera, at least three transects were counted for each sample, resulting in counts of 50 to 400 individuals. One sub-sample was counted from each flask, and then cell counts were averaged across all flasks in each treatment.
Data analysis
We report both growth rates and final cell densities because, in some cases, differences in exponential growth rates can be small and statistically insignificant, but can result in significant differences in cell density over time. Growth rates (m) were calculated using a standard growth rate equation:
where F is the final cell density (cells mL
21
) in the flask, I is the initial cell density (cells mL 21 ) and T is the incubation time (days). To assess the effects of incubation depth and nutrient enrichment on cell densities and growth rates of each species in the in situ experiments, we used two-way analysis of variance (ANOVA) with Tukey's post hoc comparison. To assess the effects of nutrients, light intensity and temperature on cell densities and growth rates of D. stelligera across the in situ and growth chamber treatments, we used a multifactor ANOVA with Tukey's post hoc comparisons. Due to the unequal sample size, Type II sums of squares were used in this calculation (Langsrud, 2003) . We note that we found the same results whether using Type II or III sums of squares. All statistical analyses were conducted using R (version 2.12.1, R Development Core Team (2011), Vienna, Austria).
R E S U LT S
Nitrate and soluble reactive phosphorus concentrations were below quantification limits in both lakes, and ammonium concentrations were low to moderate (Table II) . The temperature at the shallow depth in SS2 was 108C at the start of the experiment and 148C at the end. Temperatures at the deep depth remained at 58C. The temperature in SS903 was 68C at the shallow depth at the start of the experiment and 128C at the end. Temperatures at the deep depth started at 58C and ended at 68C (Table II) .
PAR in the shallow incubation depths in both lakes was between 38 and 49% of surface irradiance values, and between 5 and 12% of surface irradiance at the deep incubation depths (Table II) . Absolute light intensities would have varied over the course of the in situ incubations depending on cloud cover and time of day. There were no days with overcast skies or rain during the experiment; weather was generally sunny, with some days with light cloud cover. On a sunny day at this time of year, irradiance at the shallow depths varies between 400 and 700 mEinsteins m 22 s
21
, while on days with light cloud cover, they are approximately half of these values. The growth chamber had lower but constant light intensities (40 or 4 mEinsteins m 22 s 21 of PAR). As a result, we note that for the full comparisons of D. stelligera responses (i.e. the in situ plus incubator treatments), absolute light intensities differed between the in situ and incubator treatments, and should be considered when interpreting our results.
The experimental water collected from Lake SS2 initially contained 42 cells mL 21 of P. radiosa, while that from SS903 initially contained 60 cells mL 21 of D. stelligera (Fig. 2) . Lake SS2 also contained low numbers (,20 cells mL 21 each) of species of Dinobryon, Rhodomonas and Synura, while Lake SS903 was dominated by D. stelligera and also contained a small (,10 mm), spherical Chrysophyte taxon. We found no evidence of crustacean grazers and observed fewer than 10 individuals of rotifer across counted samples.
In the in situ experiments, incubation depth affected P. radiosa, with this species failing to grow in the deep incubations during the experiment (Table III, Fig. 2A) . Cell densities at the end of the experiment were three times higher in the shallow incubation compared with the deep (P ¼ 0.002; Table IV, Fig. 2A ). Nutrient additions had no effect on the growth rates (P ¼ 0.86) or cell densities (P ¼ 0.63) of this species (Table IV, Fig. 2A) , and there were no interactive effects of incubation depth and nutrient enrichment (P . 0.86, Table IV) .
In contrast, an interactive effect of incubation depth and nutrient additions was found for D. stelligera cell densities in the in situ experiments (P ¼ 0.006; Table IV, Fig. 2B ). Based on post hoc analysis (depicted by letters on Fig. 2B ), cell densities did not differ between shallow and deep incubations when nutrients were not added. When nutrients were added, cell densities were six times higher in the shallow depth and three times higher at the deep depth compared with treatments without nutrient enrichment (Fig. 2B) . Therefore, nutrient enrichment altered the response to the depth manipulation. Initial nutrient concentrations in lake water are also provided.
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The in situ and incubator experiments were also considered together for D. stelligera, with the low temperature treatments being the in situ ones, and the high and low light treatments in the in situ experiments achieved with the depth of incubation. In this combined set of experiments, nutrient addition strongly affected growth rates and cell densities (P , 0.001 in both cases; Table V ). There was an interactive effect of light and nutrient addition on cell densities (P ¼ 0.003; Table V) , with an effect of light apparent only after nutrients were added, in which case, lower cell densities resulted in the low light treatments (Fig. 3) . The lowest cell densities in the treatments with nutrients added were found in the deep incubation of the in situ experiment (top panel of Fig. 3 ). Of the three manipulated variables, only nutrients affected the growth rates of D. stelligera (P , 0.001; Table V, Fig. 3 ). Regardless of light or temperature, growth rates averaged 0.22 day 21 without nutrient additions, and almost doubled to 0.39 day 21 following N þ P addition (Fig. 3) . Temperature had no effect on either cell density (P ¼ 0.24) or growth rate (P ¼ 0.92).
D I S C U S S I O N
Our results reveal that both nutrient enrichment and incubation depth affect small centric diatom populations in Arctic lakes, and that there are interspecific differences in the response to these variables, underscoring the importance of separating out species-specific responses to these environmental changes. Discostella stelligera consistently responded positively to nutrient enrichment, with incubation depth or light only affecting cell densities when nutrients were provided. With nutrients added, higher light availability resulted in higher D. stelligera cell densities, regardless of temperature. Across the temperature treatments used here, temperature had no effect on D. stelligera growth rates or cell densities. Our results suggest that interactions between nutrients and light have important consequences for the growth of D. stelligera.
The complex, sometimes interactive, effects of nutrients and physical variables (e.g. light, temperature) on D. stelligera have been found previously. In agreement with results presented here, Saros et al. found that incubation depth had no effect on D. stelligera unless nutrients were provided. Growth rates of D. stelligera were equal and very low (0.045 day 21 ) in the epilimnion (5 m, PAR irradiance of 700 mE m 22 s
21
) and hypolimnion (15 m, PAR irradiance of 190 mE m 22 s 21 , which was still above the 10% attenuation depth) under nutrient depleted conditions in an oligotrophic alpine lake in Montana (USA). When nutrients were added, growth rates increased at both depths but differentially, being 13 times higher in the epilimnion and 10 times higher in the hypolimnion compared with treatments without nutrient additions . The overall greater stimulation of D. stelligera growth rates in that alpine lake compared with the Arctic lake in this study may be due to the extremely low total and dissolved nutrient concentrations in the alpine lake . In nutrient replete treatments (18 mM N þ 5 mM P) in an alpine lake in Montana (USA), Williamson et al. (Williamson et al., 2010) found that the growth rate of D. stelligera doubled in treatments run at 128C compared with those held at 88C. Interestingly, in treatments with grazers added, this increase in temperature raised Fig. 2 . Cell densities of (A) Puncticulata radiosa and (B) Discostella stelligera initially in lake water, and final densities in the following treatments: SC ¼ shallow incubation, control (no nutrients); SN ¼ shallow incubation, nutrients added; DC ¼ deep incubation, control; DN ¼ deep incubation, nutrients added. Note change in scale on y-axes between the two species. Different letters above bars identify treatments in which final cell densities were significantly different.
zooplankton grazing rates on D. stelligera four-fold, raising questions about how the direct and indirect effects of temperature increases would collectively affect cell densities of this species.
Overall, we found a strong response of both D. stelligera growth and cell densities to N þ P addition. In a study of seasonal diatom variability in shallow Bates Pond (Connecticut, USA), the abundance of D. stelligera increased with nitrate concentrations (highest abundance when nitrate .1 mM; Köster and Pienitz, 2006) . In comparison, Arnett et al. (Arnett et al., 2012) conducted resource physiology experiments with populations of this species from an oligotrophic alpine lake and found that it had a very low half-saturation constant for N (0.003 mM NO 3 -N), suggesting a very low requirement for nitrate. This species can clearly maintain growth under low nutrient conditions, but is also opportunistic, growing rapidly when nutrient concentrations increase. As a result, it can dominate diatom assemblages under both low and high nitrogen concentrations. This type of response to nutrients, coupled with the complex interactions with light and temperature, make it difficult to infer specific limnological change by solely relying on changes in this species, and suggest the need to use the responses of other species or limnological variables in conjunction with D. stelligera responses.
Puncticulata radiosa responded to incubation depth, failing to grow under low light conditions (5 -10% of surface irradiance) and low temperatures (58C). Nutrient amendments had no effect on growth rate or density, despite the low dissolved nutrient concentrations measured in SS2 lake water. The response of P. radiosa to incubation depth may be due to higher light, higher temperatures or both. This species bloomed in the surface waters of an Austrian alpine lake, which had an average Secchi transparency of 8 m and average epilimnion temperature of 158C (Tolotti et al., 2012) . The biovolume of this species was positively correlated with water temperatures and water column stability, and negatively correlated with dissolved nutrient concentration. Studies from lakes that have undergone eutrophication followed by a period of some recovery have found that P. radiosa re-appears during periods where the lake is undergoing oligotrophication (Rippey et al., 1997; Horn et al., 2011) , suggesting a requirement for increased water transparency as well as good competitive ability at low nutrient concentrations. However, other studies have found that this species fares well under low light conditions (Sommer et al., 1986; Rimet et al., 2009) . In mesotrophic Saidenbach Reservoir in Germany, Rimet et al. (Rimet et al., 2009) found that this species dominated in winter and spring, when light was relatively low, lakewater temperatures ranged from 6 to 218C and phosphorus concentrations were relatively low. Clearly, there is some variation across studies, but P. radiosa is generally more abundant in moderately warm, low nutrient conditions, with the role of light currently unclear. Experiments that separate light and temperature effects would help address this. Fig. 3 . Final cell densities and growth rates (number of divisions per day) of Discostella stelligera as temperature (T), light and nutrients were manipulated. All "Low T" experiments were conducted in situ in Lake SS903, while all "Mod T" (moderate temperature) experiments were conducted in an incubator. Different letters above bars identify treatments with significantly different responses.
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The results presented here are a step toward understanding how nutrients, light and temperature affect the growth and abundance of small centric diatom taxa, but the effects of these variables should be further refined in future experiments. Specifically, we did not separate the effects of N and P from each other. In a nutrient enrichment bioassay of SS903 conducted at the same time as this experiment, D. stelligera cell densities in duplicate treatments were 9.6 + 5.8 cells mL 21 in the control, 16.4 + 0 cells mL 21 with phosphorus additions and 26.0 + 5.8 cells mL 21 with nitrogen additions (E. Hogan and N.J. Anderson, unpublished data) . This suggests the importance of nitrogen in this case, but again an expanded investigation of the effects of each nutrient is warranted. In addition, while the temperature manipulation effectively exposed diatoms to two different temperature treatments, the low temperature treatment had variable temperatures (6 -128C) over the experiment, while the moderate temperature was at a constant 158C. Future experiments should either have constant (achieved in a growth chamber) or variable (conducted in situ, as in Doyle et al., 2005) temperatures in all treatments. Similarly, while both the in situ and incubator experiments experienced continuous light, absolute light intensities should be better constrained across treatments. With absolute intensities differing between the in situ and incubator treatments, comparisons can be made reliably within experimental systems, but it remains unclear how valid the comparisons are for the role of light in controlling the growth of small centric diatoms between the two current experimental systems. Given the significant effects of light and/or incubation depth observed in our experiments, it is a key requirement that future experiments should control more precisely for light exposure. However, we appreciate that one drawback of working in remote areas such as the Arctic is the relatively limited availability of facilities where growth chambers can be employed, suggesting that carefully designed in situ incubations, like those used in remote alpine areas (Doyle et al., 2005; Williamson et al., 2010) , may be a more reasonable approach.
We further note that our experimental design focused on initial and final cell densities to assess growth patterns, as used in our previous studies (Doyle et al., 2005; Saros et al., 2012) . It is possible that the final cell densities were measured at a time beyond the period of maximum growth. We note that we observed the usual small number of empty diatom frustules while performing the cell counts from these experiments, suggesting that a large number of cells had not died and were not subsequently included in the final counts. However, if this were the case and we were unable to observe it, the cell densities and growth rates presented in this study would be underestimates. We further note that the other species present in Lake SS2 were larger-celled taxa with lower growth rates, and that D. stelligera was clearly the dominant species in Lake SS903.
Additional factors that were not tested here are also likely to affect small centric populations in these Arctic lakes. Silica availability will generally affect the relative abundance of diatoms, and diatom taxa do vary in their requirements for this nutrient. Small centric diatoms typically have lower silica requirements than pennate taxa (van Donk and Kilham, 1990; Interlandi et al., 1999) . Van Donk and Kilham (van Donk and Kilham, 1990) found half-saturation constants for growth from 0.2 to 4 mM silica for various diatom taxa. Silica concentrations in the lakes used in our study were certainly adequate for diatom growth (8.4 mM in Lake SS903, 6.8 mM in Lake SS2). Alkalinity is also an important factor affecting diatom distributions. Across a suite of small lakes in northern Fennoscandia, Weckström et al. (Weckström et al., 1997) found that the relative abundances of Cyclotella taxa showed a positive relationship with alkalinity. The alkalinities of our experimental lakes were both moderate (1400 meq L 21 in Lake SS903, 2200 meq L
21
in Lake SS2). This study underscores the importance of identifying species-specific requirements for nutrients and light, with populations from the region of interest. Widespread changes in diatom community structure have occurred across the Arctic. Our research suggests that factors altering light availability (e.g. water clarity via dissolved organic carbon concentrations or lake trophic state, water column stability) and nutrient concentrations are likely key factors determining how the relative abundances of small centric diatoms are changing. It further supports that multiple mechanisms of climate-mediated change should be considered when interpreting changes in the abundances of small centric diatoms.
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